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ABSTRACT: Assessment of remaining life for existing bridges under accumulated stress 

cycles due to increasing traffic loads has become more important than ever. This is a progress 

report paper which describes a plan for upgrading and fatigue health monitoring of typical 40 

years old orthotropic fly-over bridges in Tehran which were considered as temporary bridges at 

the primary urban plan and are still in service.  

 

1 INTRODUCTION 

An orthotropic deck consists of a plate which is stiffened by longitudinal ribs resting over 

transverse beams which lean on bridge girders. Usually the deck and longitudinal ribs, acts as 

the top flange of the box or plate girder. Compared with a concrete deck, an orthotropic deck, is 

weighting much less, and because of this reduced weight may carry more live loads. This 

becomes a major advantage in large span bridges where dead load is a major part of the total 

loading.  

In this paper four typical orthotropic deck bridges have been studied. Geometric properties of 

the bridges have been summarized in Table 1. Typical decks consist of 6 I-shape steel girders. 

The bottom flange with a part of web forms an inverted T which is attached to the orthotropic 

deck with two rows of bolts and nuts. Rib profiles are HEA 200 attached to deck plate by fillet 

welds. Typical details with more dimensional information are shown in Figures 1 and 2. 

The maintenance plan of these bridges is planned in four phases:  

a) General identification phase, which identifies vulnerable parts and members. 

b) Test, inspection and monitoring phase, in which vulnerable parts are inspected and 

probable damages are recorded. 

c) Evaluation phase, which investigates the nature of damages and their causes. 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 2 

d) Upgrading and maintenance phase, which is a continual process for preventing damages 

by repair and rehabilitation techniques at suitable times. 

 

 

Table 1. Geometric properties of the bridges 

Bridge 

No. 

Bridge 

Name 

Deck 

Dimensions 

(m) 

No. of 

Spans 

Long. 

Slope 

(%) 

No. of 

Piers 

Typical 

Span 

length (m) 

1 
Enghelab-

Hafez 
324X10.5 14 3 15 24 

2 
Hafez-

Jomhoori 
624X10.5 26 3 27 24 

3 
Sepaah- 

Enghelab 
264X10.5 11 3 12 24 

4 
Hafez- 

Taleghani 
768X10.5 31 2.6 32 24 

 

Figure 1.  A bottom view 
from bridge deck structural 
system  

 

Figure 2.  Typical section of a girder, transverse beam, longitudinal ribs and deck plate 

By prediction of a potential hazard for the bridge health, the related characteristic 

parameters will be surveyed and then methods for monitoring of the parameters will be 

developed. For the typical bridges, investigations show fatigue health monitoring of rib 

connections and girders bottom flange can be a main concern. 

2 EVALUATION OF FATIGUE LIFE 

Fatigue is a main concern in old welded steel bridges. Since the bottom flange of the orthotropic 

girders has been welded to the web, these fillet-welded connections are sensitive to fatigue and 

may cause collapse due to transverse as well as longitudinal non-redundancy. There are also 

HEA 200 ribs Deck Plate 1750X10 m.m. 

UNP260 Transverse beams at 

3.0 m. c. /c. 

Bottom Flange Plate 

400X20  m.m. 

Fillet 

weld 
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other fatigue sensitive points in the rib-deck plate connections and end tapers which are not as 

critical as tension flanges because of alternate load paths. 

Barsom and Rolfe (1999) explained Fatigue cracks typically initiate from discontinuities within 

weld or base metal. In addition, the weld geometry itself can induce stress concentrations higher 

than those associated with the aforementioned weld discontinuities. For instance one of the most 

fatigue sensitive weld details is a fillet weld termination oriented perpendicular to the applied 

stress field. In this case fatigue cracking initiates from the toe or the fillet weld and propagates 

through the adjacent weld. Other parameters also known to affect the behavior of welded 

components include residual stress, distortion, heat treatment, corrosion as well as others.  

Mallett (1991) presents two approaches for the assessment of fatigue life:  

• Fracture mechanics approach considering local stress intensity initialing a crack which 

is propagated by further loading cycles. 

• Classic approach using S-N/ Palmgren–Miner for estimating cumulative damage due to 

appropriate load spectra, to achieve acceptable probability that fatigue failure will not 

occur before a given number of cycles.  

The bridges structural analysis and evaluation with fatigue load model 1 of prEN 1991-2 shows 

that fatigue life of the studied bridges are limited and stress values at bottom flange of girder 

mid-spans are higher than allowable values for the detail category (prEN 1993-1-9). To reduce 

the risk of failure, retrofit works are proposed along with field measurements before and after 

retrofits to evaluate the effectiveness of such measures in order to use then for all 4 typical 

bridges now in service. 

 

Figure 3. A view from critical zone of the girder at mid-span 

3 RETROFIT SOLUTIONS  

To enhance fatigue life of the bridges, three incipient retrofit solutions have been proposed; 

3.1 Addition of cross diaphragms 

Code-based calculations showed high values of tensile stress in bottom flange of girders, hence 

to reduce the stress, addition of cross diaphragms in the location of transverse beams (every 3 

meters) have been proposed. Details are shown in Figure 4. Diaphragm action cause stress 

distribution between all 6 girders and provides redundancy in deck. 

  

Continuous fillet weld 

connects bottom flange to web 

Bolted connection at mid-span 
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Figure 4. Proposed 
diaphragm 

addition details 

3.2 Application of Tuned Mass Dampers (TMDs) 

Bridge engineers have reported relatively large visible deflections and vibrations of the decks 

(vertically and horizontally) especially after passing of trucks and tankers. To reduce stress 

range and damp the vibrations, which seems to have a key role in fatigue life of the bridges, 

application of TMD or Multi Tuned Mass Damper (MTMD) have been proposed. 

3.3 Application of Penguin Vibration Dampers (PVDs) 

Penguin Engineering Ltd has developed a compact, efficient, hysteretic damping device, the 

Penguin Vibration Damper (PVD). As an alternative for TMDs, the PVD vibration dampers 

may be ideal for absorbing both small and medium size vibrations which occur during heavy 

traffic. The PVD has recently been used to provide additional damping at displacements of 2µm 

to 10mm to a number of bridges thereby increasing the fatigue life of the bridge structure. A 

standard device is sensitive to movements as small as ± 2µm such as expected in traffic induced 

vibration to ± 10mm as expected in a large earthquake. Experimental test results show that the 

PVD can provide a significant amount of damping at displacements as small as 50 micro-meters 

(Monti et al.). 

4  FIELD STRUCTURAL TESTS 

To perform a comprehensive evaluation of present risks and effectiveness of above solutions, 

two series of tests have been planned for execution; 

4.1 Tests for Fatigue Health Monitoring 

These tests are planned to evaluate remaining fatigue life of the bridge. In the first step a 

detailed Ultrasonic Test (UT) will be made to identify probable crack initiations. The second 

step strain measurements will be done under real traffic at mid-span and other regions of high 

tension and stress concentration areas. In Figure 5 a typical plan for one of the spans has been 

shown. There are six similar girders side by side. Strain measurement will be done on every six 

girders. Four strain gauges are attached to each girder at mid-span. Strain gauges arrangement is 

shown in Figure 6. Data acquisition will be done for 7 days at time intervals of 0.2 second. 

 

Figure 5. Typical bridge deck plan and girder numbering 
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Figure 6. Typical proposed arrangement of strain gauges on mid span of a girder 

Tests are planned to be done on one span for three bridges which have un-similar traffic 

conditions. To estimate remaining fatigue life through field strain measurements the actual 

strain histories experienced by bridge components are directly measured by strain gauges at the 

areas of concern. The measurement results are then processed and expressed in terms of stress 

range histograms using some cycle counting algorithms such as rain flow or the peak-to-peak 

method. The stress range histogram presents the occurrence of stress cycles in terms of the 

number of cycles for each stress range captured during the measurement period (The method is 

explained by Edward Zhou (2006)). 

Since the fatigue strength S-N curves were developed primarily under constant amplitude cyclic 

loading, an effective stress range needs to be determined to equivalently represent the actual 

variable amplitude cyclic loading on bridge structures;  

∑= 3
13

)( riire SS γ
 

Where Sre is the effective stress range of a variable amplitude stress range histograms, Sri is the 

i
th
 stress range in the stress range histogram, iγ

 is ni/N fraction of occurrence of stress range Sri 

in the histogram, ni is number of occurrences of stress range Sri and N is total number of 

occurrence of all stress cycles in the histogram.  

If the entire stress range will be below constant amplitude fatigue limit (CAFL), the loading 

should cause no fatigue cracking at the detail and infinite fatigue life may be assumed. For 

achieving CAFL, the fatigue category should be correctly chosen for from code. Otherwise by 

using Damage Summation (Palmgren-Miner rule) fatigue probability in bridge design life can 

be assessed. In order to obtaining more accurate results, it is suggested to prepare full scale 

cyclic tests on several specimens which are taken from the bridge, and then the remaining 

fatigue life can be calculated. 

4.2 Tests for retrofit evaluation 

Reference characteristics of bridges response to loading such as accelerations, deflections and 

stress-values before and after retrofit works are measured in these tests. Tests include strain and 

vibration measurement on one representative span of un-retrofitted bridge and repeating after 

addition of cross diaphragms, after TMD or MTMD application or after PVD application. 

Tests will be made under following load conditions, usual loading of girders with one truck 

(Figure 6) and critical loading of girders with two adjacent trucks (Figure 7). 

Four strain gauges 
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Figure 6. Usual loading with one truck 

 

Figure 7. Critical loading with two trucks 

Test truck is a 12 m
3 

concrete mixer with approximate weight of 400 KN which will pass the 

full span four times with different velocities of 0, 20, 40 and 60 kilometers per hour. 

Deflections, accelerations and stress values at strain gauge points will be recorded. A schematic 

view from test setup has been shown in Figure 8. 

 

Figure 9. A schematic view from test setup under bridge girders 

5 CONCLUSION  

There is a serious need to estimate the remaining life of the bridges to make appropriate and 

cost-effective urban decisions, including repair, retrofit and replacement of existing bridges. 

Solutions are proposed to enhance the fatigue life of 4 existing orthotropic bridges and tests are 

planned to investigate more precisely the need for their application and to monitor the 

effectiveness of such solutions on one span prior to their application on all bridges of the type. 
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